Transition region explosive events (EEs) have been observed with slit spectrographs since at least 1975, most commonly in lines of C iv (1548 Å, 1550 Å) and Si iv (1393 Å, 1402 Å). We report what we believe to be the first observation of a transition region EE in He ii 304 Å. With the Multi-Order Solar EUV Spectrograph (MOSES) sounding rocket, a novel slitless imaging spectrograph, we are able to see the spatial structure of the event. We observe a bright core expelling two jets that are distinctly non-collinear, in directions that are not anti-parallel. The jets have sky-plane velocities of order 75 km s −1 and line-of-sight velocities of +75 km s −1 (blue) and −30 km s −1 (red). The core is a region of high non-thermal Doppler broadening, characteristic of EEs, with maximal broadening 380 km s −1 FWHM. It is possible to resolve the core broadening into red and blue lineof-sight components of maximum Doppler velocities +160 km s −1 and −220 km s −1 . The event lasts more than 150 s. Its properties correspond to the larger, long-lived, and more energetic EEs observed in other wavelengths.
INTRODUCTION
Transition region explosive events (EEs) have been widely observed with spectrographs such as the High-Resolution Telescope and Spectrograph (HRTS; Brueckner & Bartoe 1983; Cook & Brueckner 1991) , and the Solar Ultraviolet Measurement of Emitted Radiation (SUMER; Innes et al. 1997 , and references therein). With HRTS, they were most typically observed in C iv 1548 Å, 1550 Å. In SUMER, Si iv 1393 Å, 1402 Å are used. Both line doublets are formed at temperatures of ∼100,000 K (100,000 K and 63,000 K, respectively, according to Arnaud & Rothenflug 1985) . EEs can be observed across a temperature range from 20,000 K in C ii to 250,000 K in O v (Moses et al. 1994) . EEs are characterized by large non-thermal Doppler broadenings. Values typically given are 100 km s −1 to the red and the blue (Dere 1994) . EEs divide between those which are broadened to both sides of line center and those predominantly broadened to one side of line center (Cook & Brueckner 1991; Dere et al. 1989) . Events with dominant blue wings are more common than those with dominant red wings (Cook & Brueckner 1991; Dere et al. 1989) . They are typically small, 1500 km in length (Dere 1994; Dere et al. 1989 Dere et al. , 1991 Cook & Brueckner 1991) . The two wings may be displaced from each other by 1000-2000 km (Dere et al. 1989; Dere 1994) , although displacements up to 6000 km have been seen (Innes et al. 1997 ). The typical lifetime of an event is 60-90 s (Moses et al. 1994; Dere 1994; Dere et al. 1991) . Considerable variation from "typical" properties is seen from one EE to another (Dere et al. 1989) . Events are seen with velocities up to 400 km s −1 (Moses et al. 1994; Dere et al. 1989) , sizes up to 4000-5000 km (Innes et al. 1997; Cook & Brueckner 1991) , and lifetimes up to 4-5 minutes (ibid). One extremely large event has been seen with a length of ∼20,000 km (Brueckner et al. 1988) .
EEs in active regions coincide with emerging flux, while EEs in the quiet Sun concentrate in or near the quiet-Sun network above regions of canceling flux (Dere et al. 1991) . They are typically located along a magnetic neutral line (ibid).
These features suggest that EEs are a signature of magnetic reconnection in the transition region. It has been postulated that reconnection processes producing bipolar jets are responsible for EEs (see, for example, the illustration in Figure 2 of Dere et al. 1991) . The red and blue wing velocities are identified with the Alfvén speed at the reconnection site. Innes et al. (1997) report three events in which raster scanning of the SUMER slit clearly shows the bi-directional jet structure. They found that the Doppler shifts change sign from red to blue within 2-3000 km, the wings move away from the region where the sign change occurs, and the brightest emission is found at the sign change.
We will discuss the Multi-Order Solar EUV Spectrograph (MOSES) instrument, and the 2006 February 8 rocket flight during which a compact EE was observed in He ii 304 Å. We will demonstrate what can be learned about the event from imaging data alone and show the magnetic context of our EE, which has two canceling bipoles under it. We use an indirect spectral analysis technique we call "parallax analysis," described in Section 3.3, to infer the Doppler shifts, and line width along the N-S axis of the event, perpendicular to the dispersion direction of MOSES. The He ii 304 Å event we report here is a bidirectional jet from sky-plane motion as well as Doppler shift. We will show that its properties fit within the envelope found by previous authors and it may properly be identified as a transition region EE. We believe this to be the first He ii 304 Å EE reported in the literature (an EE in He ii at 256 Å was reported by Dere et al. 2007 ). However, contrary to previous models, we find that the structure is not collinear and that the jets are not anti-parallel.
MOSES
The MOSES rocket is a novel multi-order slitless imaging spectrometer. MOSES provides high spatial resolution (0. 6 pixels), high cadence (<10 s), wide field-of-view (FOV, 10 × 20 ) images in a narrow EUV spectral band around 304 Å.
Images are recorded at three spectral orders m = +1, 0, −1, allowing spectral information to be disentangled from spatial information. Unlike slit-scanning or filter tuning techniques, data are cotemporal at every point in all wavelengths.
Instrument Concept
The MOSES concept, illustrated in Figure 1 , was first described by Kankelborg et al. (2000) and by . The instrument is a slitless, objective grating spectrograph. By taking images at three spectral orders m = +1, 0, −1, it is possible to acquire spatial and spectral information simultaneously over a wide FOV. The passband is limited to a few spectral lines by multi-layer coatings so that the data inversion for spectral information is tractable. In principle, detectors may be placed at any number of spectral orders. If more orders are recorded, more spectral information will be obtained.
We will now show that a direct correspondence exists between tomography and MOSES. Our instrument performs tomography on a "hyper-spectral" object with two spatial dimensions x and y and one spectral dimension λ. The three MOSES orders correspond to three different look-angles in conventional tomography.
The diagram in Figure 1 shows only the objective grating and detectors. It displays the effect of imaging an object which, for illustrative purposes, contains only the monochromatic letters "A" (redward of passband center) and "B" (blueward of passband center). In the m = 0 order, the letters are projected onto the same spatial location and overlap. In the m = +1, −1 orders,
Diagram demonstrating how Equation (1) produces the three MOSES data orders by projections through the volume of an optically thin hyper-spectral object, mathematically equivalent to tomographic projection at three angles. The orders are indicated as well as the FOV and passband domains F and B.
The colors indicate the number of overlapping orders which sample a given region of (x, λ) space. Similar constructions apply for each y-slice of the image perpendicular to the spectrograph's dispersion plane.
the spectral dispersion of the grating causes the letters to be separated on the detector by a distance proportional to the wavelength shift between them. Although they still overlap, as will be the case for any extended object, this separation allows us to infer the spectral content of the sources observed in the undispersed (m = 0) image. Note that the information in the m = +1 and m = −1 orders is not redundant. The direction of the +x spatial axis is unchanged (the letters are not flipped) but the wavelength axes are oppositely directed, causing us to read "
A B " in one order but " B A " in the other. We generalize this discussion with the projection equation (Equation (1)) depicted graphically in Figure 2 . The equation is cast in a form that allows consideration of a system with any number of spectral orders. The treatment is readily generalizable to include dispersion in the vertical as well as horizontal directions. An object v(x, y, λ) forms images at spectral orders m: where (x , y ) are the detector coordinates and domain B represents the passband of the instrument. 3 For the MOSES rocket experiment, m = (+1, 0, −1). For convenience, position (x , y ) on the detector, position (x, y) on the Sun, and wavelength λ are all measured in pixels. The kernel is a projection operator. For example, in the m = +1 order, a pixel at position (x , y ) receives light integrated along a slice x + λ = x in the xλ-plane with y = y a constant (compare Figure 2) .
Once the spectral orders are intercalibrated, the projections of v(x, y, λ) obey a normalization condition,
for all orders m. The normalization condition holds exactly if the FOV is defined by a field stop prior to the dispersive element. Otherwise, the projections of the three orders will cover slightly different domains in (x, y, λ) at the edges of the FOV, as shown in Figure 2 .
Optics
The optical configuration of MOSES is illustrated in Figure 3 . The primary mirror is a concave spherical diffraction grating operated 1
• off-axis, with focal length 4.74 m, and 8 cm square clear aperture (f/59) with a pitch of 950 lines mm −1 , giving a reciprocal dispersion of 29 mÅ (29.6 km s −1 ) per pixel at 304 Å. The pixel subtent in this optical system is 0. 6 or 440 km pixel The grating flown on MOSES is a Zerodur substrate with laminar rulings fabricated by Carl Zeiss Laser Optics (Owens et al. 2005) . Precise control of the groove depth allows an optimal distribution of light in the three central spectral orders, where our detectors are placed. The fold flat is Ultra-Low Expansion (ULE) glass with a protected aluminum coating on the reverse side for instrument alignment. Multi-layer B 4 C/ Mg 2 Si coatings were applied to the gratings and fold flat at GSFC. The coatings provide a high reflectivity ( The optics are mounted on the Lockheed Optical Table System (LOTS) developed by Marilyn Bruner for the Solar Plasma Diagnostics Spectrometer mission (Bruner et al. 1989) . This system provides a very stable, strong, lightweight, low thermal-expansion structure capable of space flight but with all the advantages of an optical test bench. The layout of the optics and detectors on LOTS is shown in Figure 3. 
Detectors
The detectors are three 2048 × 1024, rear-illuminated E2V CCD42-20 devices at spectral orders m = +1, 0, −1. The readout electronics are a three-channel variant of the Hinode/EIS system, contributed by Mullard Space Science Laboratory (MSSL). The power supply is also a copy of the corresponding EIS system (Kosugi et al. 2007; Culhane et al. 2007 ). 3 We find this formulation more natural than the notation developed previously in .
Thermoelectric coolers regulate CCD temperature to −30
• C. An aluminum block, kept cold with liquid nitrogen (LN2) until launch, is the heat dump for the thermal control system.
Electronics
Data handling and experiment control are through a single experiment computer, a commercial off-the-shelf (COTS) EBX CPU board running a minimal Linux distribution. A PC/104+ stack on the CPU board contains COTS cards for serial communications, camera data interface, and high-speed telemetry. The camera data interface is a flexible I/O (FIO) board interfacing an FPGA to the computer PC/104+ buss. We programmed the FPGA to interface to MSSL supplied electronics. All science data are stored onboard in a 1 GB flash disk. As much science data as possible are sent to high-speed telemetry during flight. Serial uplink and downlink channels allow two-way communication with the experiment computer. as the exposure closest to apogee. The following equations describe the normalization process:
with superscript j indexing exposure number, 0-26, and superscript a indicating the exposure closest to apogee, frame 13. This procedure corrects for the different throughput in each channel and the variance in effective exposure time due to atmospheric absorption over the flight. The first factor in Equation (4) is the non-time-varying relative response of the orders. The second factor (which also appears in Equation (3)) removes the effect of time-varying atmospheric absorption without model-dependent assumptions.
Zero-order Data and Magnetic Context
The m = 0 channel is equivalent to a narrowband 304 Å imager. On the solar disk, the passband is dominated by the He ii line, which we expect to account for more than 95% of the detected photons (Thomas & Neupert 1994; Brosius et al. 1998; Vernazza & Reeves 1978) . Figure 4 shows an m = 0 image from frame 23, a 6 s exposure taken at ∼18:50:22 UT. The area in the box is displayed in Figure 5 . The EE, at ∼100 E, 180 N of disk center, consists of a bright core and two jets. A movie of MOSES frames (available in the online journal as an extension of Figure 5 ) shows brightening of the core followed by the two jets shooting out from the opposite corners of the In the difference image, white is positive, black is negative, and gray is near zero. The top frame is from ∼18:49:15 UT (3 s exposure) before the jets begin to emerge from the core. The bottom frame is from ∼18:50:22 UT (6 s exposure). At this point, the jets are well defined. This is the exposure analyzed in the rest of the paper. These two image triples are from a movie of such triples, available in the online edition, covering the entire flight data sequence from 18:45:54 UT to 18:50:50 UT. Orange pixels in the movie represent bad data.
(An animation of this figure is available in the online journal.)
core. The event is visible for ∼150 s and was still in progress when the MOSES exposure sequence ended. Figure 6 shows light curves calculated from raw data for each of the three regions, core, NW jet, and SE jet, along with the total light curve for all three regions. The light curves are the total intensity within the appropriate box shown in Figure 7 for all 27 science exposures. Time is indexed from the beginning of the first exposure. The light curves show the core energizing before the jets. The event is not "winding down" at the time MOSES ceased data-taking. Indeed, it is not possible to say whether we observed even the middle of it. The uptick in total intensity in the last frame could indicate the beginning of a new phase in the event. The event time of 150 s must be taken as a lower bound. Figure 8 shows a larger context around the event, with magnetic poles derived from MDI data and the position of a filament near the edge of the event. The "axis" of the event, as defined by the direction of the jets, appears roughly parallel to the filament. The sky-plane velocities shown in Figure 8 were calculated from centered differencing of the position of the center of each jet in frames 22 and 24 as shown in Figure 9 . The resulting sky-plane velocities are v NW = (12, 80) km s −1 and v SE = (17, −70) km s −1 . The +x axis is aligned with solar W and the +y axis with solar N. Also displayed in Figure 8 is the MDI magnetogram closest in time to our launch, ≈8 minutes before the event starts. The magnetic poles labeled N47 and P18 underlie the EE. MDI magnetogram movies from the day of launch show that the poles are converging and canceling.
Difference Images
The spectrally interesting features of the EE can be visualized quickly with a simple difference image. Figure 5 shows in the three lower panels the m = +1 order data, the m = 0 order data, and the difference I +1 − I 0 for the region immediately around the EE at ∼18:50:22 UT. From the difference image, it is clear that the central bright feature of the EE is broadened, the SE jet is blue shifted, and the NW jet is slightly red shifted. The top set of panels in Figure 5 shows the same field for an earlier time. No Figure 6. Light curve of the EE for the whole MOSES-06 flight. Time is measured in seconds from the beginning of the first science exposure. The intensities for each exposure are assigned to the time at which that exposure began. The curves are calculated from data without background subtraction. The regions corresponding to NW jet, core, and SE jet are shown in Figure 7 . The missing point in the "total," "core," and "NW jet" curves (a 24 s exposure) is due to saturated pixels in the core and NW jet regions. Saturated pixels are marked as bad data and the sum is ignored when such pixels fall inside the regions-of-interest. jets are yet visible, although the core brightening and broadening is clear. These two sets of panels are extracted from a movie, showing the time evolution of the EE, which is available in the online edition of this journal. It is also clear from the difference image that the event is visible in the He ii line and is not a Si xi feature. The difference between He ii and Si xi line centers amounts to a shift of ∼17 MOSES pixels between m = +1 and m = 0 orders. Such a large shift would be unmistakable in the difference image.
Parallax Analysis
Because MOSES has no slit, spectral line information is inferred from differences between orders rather than observed directly. We expect full inversions of the MOSES data to provide line profile information for every pixel. Preliminary work along these lines has been encouraging and is reported elsewhere (Fox & Kankelborg 2002; Fox et al. 2003; Kankelborg & Fox 2004) . In this paper, we perform a more direct analysis, which we call "parallax analysis," that generates results independent of inversions. This type of analysis provides a check on future inversions and also generates a target list for such inversions.
As demonstrated schematically in Figure 10 , a compact bright source which is shifted in wavelength (blue and red dots) jumps in position relative to a background at fixed wavelength when viewed in m = +1 or m = −1 orders. This is directly analogous to parallax. Compact sources which exhibit parallax when comparing two spectral orders (viewing angles) imply a Doppler shift. The displacement of a bright source from one order to another can be measured to infer the Doppler shift. In a similar fashion, spectral line broadening (oblong white dot in Figure 10 ) results in an elongation in the dispersion direction in any non-zero-order image.
Procedure
During its 2006 flight, the MOSES dispersion direction was closely aligned to solar E-W. We refer to this as the "x-axis." Solar N-S is called the "y-axis." Figures 11-16 illustrate our procedure for computing the inferred Doppler shifts, which is as follows.
1. Subtract a "soap-bubble" background from the data, socalled because it mimics the behavior of a soap-bubble: it solves Laplace's equation within some boundary which is held fixed. This background is derived from a modified point-relaxation method, first described and used in Kankelborg et al. (1996) and Kankelborg et al. (1997) . The data are pre-filtered using a sigma filter. The boundary pixels are held fixed and at each relaxation step any pixel values, which increased due to relaxation, are reset to their original (sigma-filtered) values (note Kankelborg et al. 1997 , Appendix D states that interior pixels are only allowed to relax upward; this statement is in error). This has the effect of fixing interior local minima as well as the boundary, as though the data have "weight" and are resting on the surface of the bubble, holding it down where they touch. We use this method on the m = 0 order data and subtract the resulting background from both m = 0, +1. The backgrounds for three sample y values are shown in Figures 11, 13 , and 15, along with the raw m = 0, +1 data. 
The integrated intensity of the ith Gaussian is denoted by I i , the mean by μ i , and the variance by σ 2 i . The interpretation of the data is often complicated. Single Gaussian peaks in m = 0 order can split into two resolved peaks in m = +1 order, one to red and the other to blue. A good fit to the m = 0 order data for the EE may require two or more Gaussians. These Gaussians may change in completely separate ways in m = +1 order. A fit to the EE may blur at the boundary with a weak, but wide Gaussian fit to some intensity that is not part of the event. Our best judgment has been used in determining which Gaussians belong to the event and how to treat the various parallax phenomena we see in the data. Our decisions are based on the overall appearance of the event, the spatial smoothness of the fits along the y-axis (across slices), the confidence level of the fits, and the temporal variation of the data. We calculate, for each order, the squared-sum of the residuals R 2 = Σ(I fit − I ) 2 and compare it to the total variance of the data V = ΣI 2 . Here, I denotes the background-subtracted data and I fit is the total fit (the "model," including all fitted Gaussians). The sums are performed over all image pixels in a given row. We do not use any fits that have R 2 /V > 0.05. Nearly all fits are well below this threshold. None of the accepted fits were close to the 5% level. The fits which do not meet this threshold are located on the north and south edges of the event region. Visual inspection clearly establishes that they are bad fits, and the data in those areas are not well described by Gaussian functions. Therefore, the analysis is not sensitive to the choice of 5% as a maximum residual level. Dividing R 2 by the number of degrees of freedom, N pixels − N parameters , gives an estimate of the error σ 2 I in the pixel intensity (note that this presumes a good fit, with χ 2 = 1). This value of σ I (a constant for each slice) should be an overestimate. Feeding it to the Levenberg-Marquardt routine allows the calculation of the errors in the fit parameters, which should likewise be overestimates (see the discussion in Press et al. 1992) . The "confidence level of the fit," as we have used that term here, means the confidence with which we exclude the zero intensity null hypothesis. Each Gaussian fit produces, among other parameters, the total integrated intensity in the Gaussian, G total ± σ . When G total < 3σ , we cannot conclude with high confidence that adding that Gaussian to the fit is better than leaving it out (i.e., the total integrated intensity in that Gaussian is not significantly different from zero). In such cases, we revert to a fit with a smaller number of Gaussians. For a few fits, we have accepted confidence levels slightly less than 3σ when doing so seemed justified by the spatial relationship to more confidently fitted Gaussians in adjacent y-slices.
RESULTS
The EE analyzed here exhibits three distinct regions: a bright core with non-thermal broadening (characterized by separate blueshifted and redshifted components), a blueshifted jet to the SE of the core, and a redshifted jet to the NW. Representative slices perpendicular to the y-axis have been taken from each of these three regions and are displayed in Figures 11-16 . Each slice shown in Figures 11, 13 , and 15 gives the sense of the Doppler behavior of each corresponding region by directly comparing raw m = +1 and m = 0 data. The background found for the m = 0 order from the modified point-relaxation method described in Section 3.4 is also shown. Associated with each raw data plot are plots (Figures 12, 14, and 16) showing the background-subtracted data and the Gaussian fits. Full details of all fit parameters are listed in Table 1 . The statistical confidence in excluding the zero intensity null hypothesis for the fits is also given in Table 1 . The confidence in excluding the zero Doppler shift null hypothesis is not given explicitly but can be estimated from the fit positions and associated errors. Figure 18 graphs the inferred Doppler shift derived from Gaussian fits whose centroids fell between the dashed bars in Figure 17 (called "centroid limits" in the legend for Figure 17) . The dashed bars were chosen so as to exclude from consideration fits to intensity that are clearly not part of the event, Figure 14 . Background-subtracted data for line 781 with Gaussian fits overlaid for m = 0 order (top) and m = +1 order (bottom). The strongest Gaussian peak in m = 0 is in the core. In the m = +1 order, this single peak appears to split into clearly resolved double peaks, one to the red, and the other to the blue. We take this splitting to indicate that the non-thermal broadening in the core of this event is due to a two-component Doppler shift with both a blue and a red component. such as the linear object extending from 1490 < x < 1510 and 760 < y < 795 on the other side of the filament channel from the EE, or the weak intensity from 1540 to 1560, while still including fits that might reasonably be associated with the event. The solid line in Figure 18 shows the composite Doppler shifts in the event core from y = 775 to y = 781 using intensity-weighted centroids found by means of Equation (5). The figure also shows Doppler velocities calculated by interpreting the Gaussian splitting as separate blueward and redward velocity components. Two fit behaviors are seen in this region. In [1, 2] component fits, the m = 0 intensity is well fit by a single Gaussian, while the m = +1 intensity has two resolved Gaussians, one to each side of the m = 0 fit. See Figure 14 for an example of this behavior. The two Doppler velocities are calculated by subtracting the m = 0 centroid from each m = +1 centroid. [2, 2] component fits are characterized by m = 0 intensity requiring two Gaussians for a good fit. In m = +1, these two Gaussians are seen to spread apart from one another relative to their m = 0 positions. These Doppler velocities are calculated by subtracting the nearest m = 0 centroid from each m = +1 centroid. These fit behaviors show the non-thermal nature of the line broadening in the core. Thermal broadening could not cause a single Gaussian to split into two in the m = +1 order. The m = +1 fit would contain a single Gaussian with a larger width than the m = 0 Gaussian. Refer to Figure 10 . Likewise in [2, 2] component fits, the m = +1 order fits would be wider than the m = 0 order fits (and both by the same amount at that), but they would not be shifted in opposite directions. The error bars in Figure 18 are derived from the fit errors using textbook error propagation techniques. Like the errors in the fit parameters they are overestimates, particularly since the normal quadrature summation used in error propagation is only valid for statistically independent variables, and our fit parameters are likely anti-correlated. The large jumps in the size of errors seen in the figure indicate where the dashed bars (Figure 17 ) pick up (or drop) multiple Gaussians. Compositing multiple Gaussians greatly amplifies the fit errors. Figure 19 shows the inferred Doppler broadening calculated by subtracting the m = 0 composite width (from Equation (6)) from the m = +1 composite width in quadrature. Both widths are scaled by a factor of 2.3548 for comparison to FWHM line widths. As in Figure 18 , the composite widths are calculated only for fits with centers falling between the dashed bars in Figure 17 . The Doppler width in the core is non-thermal. Our instrumental line width has not been measured, however, the ∼50 km s −1 median width seen in the jets is an upper bound. The maximum Doppler width is 380 km s −1 FWHM at coordinates Figures 11-16 (1527,779) close to the location of peak intensity in the event. This width and the other widths in the core well in excess of 100 km s −1 are much too large to be thermally derived, given the He ii thermal width of 30 km s −1 FWHM (Andretta et al. 2000) . As in Figure 18 , the error bars are calculated from propagation of the fit parameter errors. Some of the errors are (very obviously) spuriously large. These again occur at the places where the centroid limits (dashed bars in Figure 17 ) first pick up multiple Gaussians. These new Gaussians are far away, with weaker intensity, and large fit errors, contributing to a high error estimate. Points that appear without error bars are identically zero and show where we have fits in m = 0 order which are slightly wider than the corresponding m = +1 order fits, giving an imaginary inferred Doppler width.
Between these three figures, we can identify the major components of the event as follows.
1. The core, approximately 4000 km E-W by 4800 km N-S, extends roughly across pixels 1523 < x < 1532 and 772 < y < 783. It is characterized by an increased Doppler broadening as shown in Figure 19 and a clearly resolved bi-directional Doppler shift shown in Figure 18 . The locations of maximum blue-and redshift components are offset 1300 km in the y-direction and 1800 km in the x-direction. 2. The jets, each ≈6000 km in length, by contrast have little or no broadening and show only a one-sided Doppler shift. They are offset from each other in the E-W direction about ≈5700 km. 3. The SE jet has a large blue Doppler shift, peaking at 70-80 km s −1 , comparable to its sky-plane velocity (see Section 3.1). Taken together, these measurements imply a total velocity of ≈104 km s −1 at an angle to the plane of the sky of 46
• . 4. The NW jet redshift is smaller, at about 20-30 km s −1 . However, its sky-plane velocity is somewhat larger. The total velocity is ≈86 km s −1 at an angle with respect to the sky of 20
• .
5. "Crossover points," locations where the sign of the jet Doppler shift appears to change, can be seen in Figure 17 at ( giving an angle of 145.
• 7 ± 6.
• 9 between the jets. The +x-direction is solar W, +y is solar N, and +z is toward the observer. The velocity errors for the line-of-sight component are taken from Figure 18 . Those for the components transverse to the line of sight are estimated from our visual estimate of the sky-plane jet positions, which was repeated three times using different image scaling. The quoted errors correspond to somewhat more than 0.5 pixel deviations in sky-plane position in each of the exposures used to compute the center-difference sky-plane velocity (see Section 3.1, Figures 8 and 9 ). The error in the angle between the jets is calculated from the velocity component errors via Monte Carlo simulation. The jet-angle histogram resulting from the simulation is nearly Gaussian, so the "±" notation has the usual meaning. We also use Monte Carlo simulation to calculate the confidence in excluding the anti-parallel jets null hypothesis. This is done by adjusting the jet velocities to force a 180
• angle while holding the magnitudes constant and, applying the same velocity errors as above, asking the question "what fraction of simulated velocity measurements yield an angle of 145.
• 7 or less?" The geometry of this null hypothesis can be constructed in a variety of ways, but in each of 13 cases tested the confidence is about 99.9%.
DISCUSSION AND CONCLUSIONS
The He ii event observed by MOSES-06 has all the features of a transition region EE, and is within the upper range of EE parameters, such as size, lifetime, Doppler velocity, maximum broadening, etc., found in previous observations of EEs, as extensively cited in Section 1. It lies above a pair of converging, canceling magnetic poles. This suggests reconnection as a mechanism. The jets are expelled from the core with velocities of the order of transition region Alfvén velocities, a further suggestion of reconnection. The Doppler shifts derived in Section 4 show that the material is actually moving and rules out the hypothesis that the sky-plane velocities are only the apparent motion of plasma heating/cooling progressively outward through the He ii band. EEs have been previously explained by a two-dimensional X-point reconnection model (see, for example, Innes et al. 1997 , Figure 2(b) ). That model predicts opposing collinear outflow jets. We see non-collinear jets, offset by 5700 km, which corresponds to the entire width of the core. Furthermore, the jets are not anti-parallel, with an angle of 146
• between their flow directions. Reconnection is a localized phenomenon. The velocities of reconnection jets need not be anti-parallel (although the illustrations are usually drawn that way), but they should have a common origin. We should be able to trace them back to an intersection where the reconnection which produced them occurred. We cannot do that here. We do not know what kind of reconnection process can produce jets which appear to be so far apart. One hypothesis is that the jets we see are not the jets of a single reconnection but are produced by separate reconnection events. We might interpret the noted crossover points as the source of each reconnection. In that case, the following questions occur: Where is the other half of each jet? Why are the velocities heading into the core (presumably a region of higher density and temperature) higher than the velocities heading away from the core? What processes associate the reconnections with each other? Does one reconnection "trigger" the other? The Alfvén crossing time of the core is ≈60 s, yet the two jets appear simultaneously in our observations. Are both jets triggered by a preceding reconnection event in the core? What physical property provides the time coincidence of the jets? These considerations lead us to prefer the simpler idea of a single reconnection event, though a self-consistent interpretation has so far proved elusive.
It is also hard to see how a "near" potential field configuration could give rise to this kind of geometry (compare Longcope 1998) . The presence of a filament nearby has been noted in Figure 8 . We suspect this filament strongly influences the structure of the EE analyzed here. Filaments are associated with highly non-potential fields. One of the underlying magnetic poles (N47) is also coming from the region of the filament. Furthermore, N47 is a minority polarity as it is on the positive side of the filament.
Our observation of this event's three-dimensional structure and dynamics is only possible because of the simultaneous imaging and spectroscopy provided by MOSES. With an imager only, we would not know this is a transition region EE. With a slit spectrometer, we would have missed pieces of the full event, perhaps only seeing one of the jets, or only the core, depending on slit alignment, and would not have observed the peculiar, non-collinear geometry of the jets.
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Facility: SOHO (MDI) APPENDIX ALIGNMENT After dark subtraction, the images from the three spectral orders must be co-aligned as accurately as possible. All spectral measurements depend on this step. We use a low-order polynomial coordinate transformation for coregistration, allowing for the slight distortion that is present in the outboard (m = ±1) images:
The images were deemed aligned when the sum of the square of the residuals, normalized by intensity (in the manner of χ 2 R ), was minimized as a function of the polynomial warping coefficients a ij and b ij .
4 By aligning the three orders, we effectively assume a zero mean Doppler shift over the FOV; the measurement of non-zero mean Doppler shift would require calibration of the instrument with an extremely well-collimated EUV line source, which was not available to us. The alignments of the three spectral orders were repeatable from exposure to exposure, to better than 0.2 pixel rms. No measurable relative movement of the detectors should occur in flight, so the median alignment across all of the 3 s exposures was taken as the alignment for the entire sequence.
